Recently, improving eating quality and processing properties has become one of the most important objectives in japonica rice breeding programs in Korea. This study was carried out to determine the agronomy and physicochemical characteristics of the opaque endosperm rice "S-21-3-8" regenerated from seed-derived callus culture of a rice cultivar, "Ilpum". S 3 generation of opaque endosperm mutants selected from pedigree breeding was used for analysis of agronomic and physicochemical traits. Genetic segregation was observed at the highest frequency among opaque endosperm mutants, being present in 85.7% (12/14 lines) of the entire opaque lines. However, the major agricultural characteristics and grain traits of "S-21-3-8" were similar to those of a donor cultivar, "Ilpum". "S-21-3-8" showed significantly lower (10.6%) amylose than those (17.7%) of "Ilpum" in brown rice, while the protein levels were similar to those of the donor plant. The grain hardness of "S-21-3-8" (1.67 kgf/mm 2 ) was lower than that of "Ilpum" (1.97 kgf/mm 2 ), resulting in a high flour-milling percentage. The loosely packed starch granules of "S-21-3-8" in the opaque endosperm were demonstrated by SEM analysis of cross-sectioned rice grains. The opaque endosperm mutants that were of somaclonal variations in the tissue culture will lead to improved eating quality and processing properties of rice.
Introduction
45% of the world's population, especially in Asia, more than 90% of the rice, and there has recently been increasing demand for high quality rice in the international market [1] . Korea was since the 1990s by an increasing preference for eating quality than Tongil type varieties not grown longer the middle of 1970s [2] . The traits of rice grain quality include milling quality, appearance quality, cooking and eating quality, and nutritional quality, of which cooking and eating quality is the most important component for the Asian customers who mainly consume rice [3] . Plant tissue culture as a means of developing new quality crops has been extensively used for many species. Cytologic and genetic models of plants without chemical mutagen components of the medium during the differentiation through tissue have revealed phenotypic variants among somaclonal plants regenerated from almost all plant calluses [4, 5] . There was wide variation in seed fertility, culm length and heading date in tissue culture. The variations that occur in the future generations of rice tissue culture include the major agronomic characteristics [5] [6] [7] [8] [9] [10] , such as panicles, frequency of fertile tillers per plant, plant types and flag leaf length [11] , as well as protein or lysine physicochemical composition [12, 13] , physiological damage and salt tolerance [6, 14] . Throughout plant regeneration occurs being known as rice [15] like that well blast resistance [7] , bacterial leaf blight [16] , sheath blight [7, 16, 17] , blight resistance, and agronomic traits [18] . Somaclonal variations can be introduced with relatively high incidence, but wide variations in seed culture, suggesting that the new variations are less strong than formerly assumed. The attention of breeders to improved varieties of crops due to the advantage that occurs one or two ratios only object visible and homozygous mutants on high frequency of somatic mutations has been the subject of somaclonal variation. Organ specificity and variation among somaclones has been observed for a wide array of characteristics. Studies of the homozygous variants of the genetic mechanisms that give rise to such variation will prove a productive field of investigation. Somaclonal variants are already leading to improvements of sugar cane and potato cultivars, and the breeding of new floricultural varieties. We shall also argue that somaclonal variants can provide a valuable adjunct to plant improvement [19, 20] . During seed culture, many variants have been recognized based on agricultural traits, grain appearance, chemical components, physicochemical elements and starch structure, all of which are considered to be regulated and integrated. The phenotypes of opaque endosperm mutants in grain variants include floury, glutinous, shrunken, dull, white belly, and white-core endosperms [21] . Opaque seed maturity or metabolic processes are associated with the storage of nutrients or interpretation of the material, genetic apparatus, and identification of the gene that encodes the enzyme of starch biosynthesis has characteristics [21, 22] . It is reported that white core in rice grain facilitate brewing process of wine [23] . The value of some of the opaque rice for food evaluated. The objective of this study was to identify the eating quality traits of opaque endosperms of somaclonal variants grown in tissue culture to enable effective approaches to improvement of eating quality of japonica rice in South Korea.
Experimental Part

Experimental Environments and Cultural Management
Fourteen lines of opaque variants in endosperm mutation were planted using the S 3 seeds of regenerated plants of somatic mutations derived from "Ilpum" and "Baekjinju" as a control. Fourteen lines of opaque variants were sown in the Gunwi experimental field of Kyungpook National University in the 2012 growing season. The opaque endosperm lines were sown in on plastic tunnel-seed beds on 30th April and then 32-day-old seedlings were transplanted in one row using a distance of 15 cm between plants and a row space of 30 cm. The field was managed under standard practices with an application of fertilizer at the rate of 110 kg N/ha, 45 kg P 2 O 5 /ha, and 57 kg K 2 O/ha, which was recommended by the rural development administration (RDA) of Korea. After harvest, the fourteen lines of opaque variants, the donor plant, "Ilpum" and "baekjinju" were naturally dried and stored at room temperature for three months and hulled to produce brown rice before being evaluated for their opaque characteristics.
Physicochemical Analysis of Opaque Endosperms
The agronomic traits including heading date, culm length, panicle length and the number of panicles per hill were investigated for S 3 opaque endosperm plants, after fifty days heading dates. In order to investigate the characteristics of grains, length, the width, the thickness of brown rice to fifty grains three replications by Vernier Caliper (MITUTOYO, CD-15CP) were measured, respectively. Grain length/width ratio was calculated by the product of length/width ratio. In addition, thousand grains of weight using electronic scales (ARD 120) investigated hundred grains three replications and were calculated to describe relative dimension of grain. Mean values, standard deviations were calculated by means of Microsoft Excel. Opaque grains of chemical composition to investigate, the amylose characteristics of brown rice of three replications for each line was determined Infrared Reflectance spectroscopic analysis ((T80 + UV/VIS Spectrometer), the protein content of brown rice of three replications for each line was determined by (IRS, Kjelter TM 8400 Analyzer Unit). In order to investigate the physical characteristics, the degree of hardness of opaque lines survey using a steel ball indenter indentation marks made on the initiative of the specimen, when Value divided by the surface area calculated from the diameter of the indentation marks load of indentation marks (mm 2 ), Brinell hardness tester hardness grains (KHT-40 N, Japan) is a 10 grains repeated three replications in the survey are presented. Chromaticity of each sample using a colorimeter (color techno system JS555), L (lightness), ±a (red/green), ±b (yellow/blue) values were measured. Two dried seed samples representing each sample were selected randomly for examination. Samples for the scanning electron microscope (SEM, Scanning Electron Microscope, Hitachi S-3000 N) were pre-fixed, dried to a critical point, and coated with gold. The samples were observed at an accelerating voltage of 15 kV.
Results and Discussion
Major Agricultural Characteristics of the Opaque Endosperm
The traits of opaque endosperm mutants derived from progenies of somatic mutants were analyzed. The means and standard deviations of fourteen opaque mutants were evaluated for grain opaque characteristics. The major agricultural characteristics of somatic mutants derived from tissue culture were as follows ( Table 1) . Those with a heading date of 1 -2 days difference from the donor plant, "Ilpum" were similar. In addition, the culm length of plant phenotypes "W-1002-5" and "S-21-3-6" were similar to the donor plant, while those of "S-21-3-3" and "W-1002-2" were longer. Most of the opaque endosperm lines had shorter culm lengths. Comparison of the panicle length and panicles per plant indicated that most opaque endosperms were similar to the donor plant, except for "S-19-2-5". Ripened grain (%) related to yield per plant 1) The data are presented as the Mean ± SD.
was 81.6% for the donor plant, while that between most of the opaque endosperm lines and each plant was relatively different with ripened grain. When compared to the opaque endosperm lines, "S-21-3-8" and "W-1002-5" had much higher percentages of ripened grains of (78.1% and 70.5%, respectively). The yield of "S-21-3-8" and "W-1002-5" was 3% lower than the donor plant. All of these changes showed a functional nature of rice, such that "Baekjinju" derived from "Ilpum" mutant showed 10% decrease in generally to typical example.
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Grain Characteristics of Opaque Endosperm Mutants in Brown Rice
The grain length/width ratio was not significantly different between opaque endosperm mutants and the donor plant ( Table 2 , Figure 1) . The heterozygous and homozygous segregation of opaque endosperm grains was relatively higher than those of the donor plant, but this difference was not significant. All homozygous plants ("S-21-3-8", "S-21-3-6") produced opaque seeds, whereas the heterozygous plants segregated a white-core, whitebelly to opaque endosperm mutants. When opaque endosperms were separated from the donor plant, we found that the weight of 1000 opaque endosperms was just 71% -103.5% of that of 1000 normal seeds. Most of the grain length/width of opaque endosperm mutants had elliptical grains (1.8 -2.1), except for "S-21-3-8" (1.8) and "Baekjinju" (1.6), as well as a favorable appearance quality for Korea. 1) The data are presented as the Mean ± SD.
Chemical Composition of Opaque Endosperm Mutants in Brown Rice
Chemical properties of endosperms were compared between the opaque mutant and donor cultivar. There was no significant difference in proteins (Table 3) . However, the amylose content of "S-21-3-8" was decreased (10.6% ± 0.1%) when compared to that of that of "Ilpum" (17.7% ± 0.08%), as was that of "S-21-3-6" (16.4% ± 0.06%). In addition, the "S-21-3-8" amylose content was decreased by 0.8% relative to that of "Baekjinju" (11.4%). Furthermore, the "S-21-3-6" amylose content was decreased by 1.3% relative to that of "Ilpum", while the protein content was slightly increased by 2.9% when compared to "Baekjinju". Protein of that next main ingredient in rice contains an average of 5% to 8% in all samples. Palatability and protein content were negatively correlated. This is because a protein layer was formed around the starch granules, reducing the elasticity and viscosity of rice after cooking and directly affecting its gelatinization properties [24] . Genetic analysis revealed that opaque rice endosperms are closely related to low amylose content [25] . Opaque endosperms may be composed of the more highly branched starch granule amylopectin, which would account for its opaque nature and low amylase content [26] . The protein content of "S-21-3-8" was similar to that of the donor plant. Protein was primarily in the aleurone layer of the endosperm between the starch granules [24] . Generally higher protein content during cooking due to the excellent one color, absorbent degradation of starch gelatinization and swelling suppression nutrition in the evaluation of the palatability is obtained in low score [27] .
Physicochemical Analysis of Opaque Endosperm Mutants in Brown Rice
To determine if the opaque endosperm system could be used to enforce integrity and workability, to the hardness and colorimetric value of "S-21-3-8" and "S-21-3-6" were measured ( Table 4) . The results revealed that the hardness of "S-21-3-8" (1.67 ± 0.25 kgf/mm 2 ) and "S-21-3-6" (1.58 ± 0.63 kgf/mm 2 ) was lower than that of the donor plant (1.97 kgf/mm 2 ) as well as that of "Baekjinju" (2.97 ± 0.46 kgf/mm 2 ), indicating that the hardness of these strains was too low to enable efficient use for rice flour. 1) The data are presented as the Mean ± SD, * In a column, means followed by a common letter are not significantly different at the 1% level by DMRT.
However, application of the same force within a short period of time during milling can greatly improve the efficiency of the operation. Process using rice flour processing products through a variety of changes take place. For example, browning of rice powder occurs due changes in the primary pigment in addition to the rice flour, glucose, fat, and amino group-containing water, and these changes can have positive or negative effects. Flour processing products and chromaticity values are closely related. The L and a values of the donor plant indicated bright colors, while a low b value was measnured for "Baekjinju". The milling process can lead to a reduction in the starch density of the fine pore structure of rice flour. Are known to affect the processing characteristics of starch damage increases rapidly hydrated by amylose enzymes and moisture, is damaged starch, rice floury [28] . "S-21-3-8" showed the lowest starch damage in response to milling and was found to be suitable for the processing of brown rice flour ( Table 4) .
Starch Structure of Opaque Endosperm Mutants in Brown Rice
Round and loose aggregation of starch granules were observed upon SEM analysis of "opaque endosperm" mutants. As shown in Figure 2 , opaque mutants have floury-white endosperms and exhibit a lack of light transmittance due to the aberration of starch accumulation during ripening stages. Furthermore, the shape of the starch granules indicates that opaque endosperms were capable of degrading starch through the cleavage of large molecules of starch into smaller fragments. Conversely, endosperms of the donor plant were angulated and dense. Analysis of the chemical composition of opaque endosperms suggests that opaque mutants can be distinguished based on their arrangement on the starch granule, as well as their amylose contents. This property is related to its synthesis of amylose because it changed to a chalky endosperm [29] . Rice starch in starch grains was mostly small and of relatively uniform particle size (2 -10 µm), the spherical within cells but when the separation is a complex starch.
Conclusion
A total of 14 opaque endosperm lines derived from seedderived callus culture of the rice cultivars "Ilpum" and "Baekjinju", which show low amylase and are suitable for consumption, were applied for the present study. Starch content in agricultural traits and grain quality characteristics were genetically fixed by successive selection. To select processing properties, the agricultural characteristics, grain traits, chemical and physicochemical analysis and the endosperms of the starch structure were analyzed. "S-21-3-8" was found to be similar to agricultural cultivars and have good quality comparable to that of the donor plant "Ilpum" was selected for palatability performance of low-amylose, floury rice in a suitable processability. 
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